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CARD8 rs2043211 Polymorphism is Associated with Gout in a Chinese Male Population

Introduction
Gout is a disease caused by dysfunction in purine metabolism and decreased excretion of uric acid [1] . The clinical feature of gout is recurrent episodes of acute gouty arthritis, which can present as tophi, joint deformity, urinary lithiasis and other chronic symptoms [1, 2] . Recently, with development of the economy and dietary changes, the prevalence and incidence of gout have risen rapidly [3, 4] . Epidemiological studies from China showed that the prevalence of gout was 1.94% in men and 0.42% in women in 2008 [5] . It has been known that both environmental factors and genetic factors have important roles in the development of gout [1, 6] . Although the pathogenesis of gout is still unclear, accumulated studies indicate that genetic factors trigger gout development, such as some genes controlling the production and clearance of urate [6, 7] .
Previous studies have suggested that inflammation play an important role in the pathogenesis of gout [8, 9] . Accumulated evidences have implied that monosodium urate (MSU) crystal-induced inflammation is a paradigm of innate immunity and NALP3 inflammasome is involved in gout development [8] [9] [10] . NALP3 inflammasome contains NALP3, apoptosis-associated speck (ASC)-like protein and caspase activation and recruitment domain 8 (CARD8) [11, 12] . Recent studies suggest that CARD8 functional mutations contribute to the development of autoinflammatory diseases including inflammatory bowel disease, rheumatoid arthritis, and Alzheimer's disease [13] [14] [15] [16] [17] . CARD8 is a component of innate immunity involved in the suppression of NF-κB (nuclear factor κB) activation [13, 16] . CARD8 can lead to the suppression of the immune response and suppression of inflammatory activities [13, 16] . Several previous investigations have studied the association of a nonsense T30A polymorphism (rs2043211) in exon 5 with different inflammatory diseases including inflammatory bowel disease, rheumatoid arthritis, and Alzheimer's disease [13, [15] [16] [17] . Considering the important role of CARD8 in the inflammatory response, we hypothesized that CARD8 rs2043211 polymorphism may influence the risk of gout development. In present study, we performed a case-control study to examine the possible genetic association between CARD8 rs2043211 polymorphism and gout in a Chinese Han population.
Materials and Methods
Study subjects A total of 396 male patients with gout and 403 age-and sex-matched healthy controls were included in this case-control study. All patients were consecutively recruited from the Department of Endocrinology or the gout laboratory at the Affiliated Hospital of the Qingdao University. The diagnosis of gout was based on preliminary criteria published by the America College of Rheumatology (ACR) in 1997 [18] . Samples from controls without a personal or familial history of hyperuricaemia or gout or other serious illness were collected. Blood glucose, uric acid, total cholesterol (TC), triglycerides (TG), urea nitrogen, and creatinine in the plasma were measured for all participants. Phenotypic characteristics included demographic data and clinical parameters (disease duration and disease-related complications), which were recorded using a standardized questionnaire. Visible or palpable tophi were determined from patients' arms, legs, knees, ears, olecranon processes, articula cartilage, and other sites. All subjects provided written informed consent, and the study protocol was approved by the Ethics Committee of the Affiliated Hospital of the Qingdao University.
Genotyping
Genomic DNA was isolated from leucocytes of venous blood, using the QIAamp DNA blood mini kit (Qiagen) and stored at -20℃. Samples were genotyped uniquely for polymorphisms rs2043211 within the CARD8 gene using TaqMan SNP Genotyping Assays Statistical analysis SPSS version 17.0 (SPSS Inc, Chicago, IL, USA) was used for the statistical analysis. The student t-test was used to assess a significant difference in demographic and clinical characteristics between cases and controls. A goodness-of-fit χ2 test was used to examine Hardy-Weinberg equilibrium (HWE) in the controls. Pearson's χ2 test was used to compare the genotype and allele frequencies between controls and patients. Odds ratios (ORs) and 95% confidence intervals (CIs) were used as a measure of the strength of relationship in the genotype distribution and allele frequencies between cases and controls. An analysis of variance (ANOVA) was used for a genotype-phenotype analysis of the gout patients. P-values < 0.05 were considered statistically significant.
Results
Demographic and clinical characteristics of the participants
The clinical characteristics of the participants enrolled in the study were summarized in Table 1 . The results showed that gout patients had significantly higher levels of body mass index (BMI), systolic blood pressure, diastolic blood pressure, fasting blood glucose, TC, TG, and uric acid than the controls (P < 0.05) ( Table 1 ). There was no obvious difference between gout patients and controls in the other characteristics.
CARD8 rs2043211 polymorphism and gout
The genotype distribution of CARD8 rs2043211 polymorphism confirmed to HWE in the controls (P = 0.27). Table 2 listed the association between CARD8 rs2043211 polymorphism and gout (Table 2 ). There was an obvious difference in the genotype distribution of CARD8 rs2043211 polymorphism between cases and controls (P = 0.017). However, there tended to be significant difference in allelic frequencies between gout cases and controls (OR = 0.84, 95%CI 0.69-1.02; P = 0.08) ( Table 2 ). In addition, there was an obvious association between CARD8 rs2043211 polymorphism and gout under the recessive comparison model (AA vs. TT/TA: OR = 0.65, 95%CI 0.47-0.88, P = 0.006). However, there was no significant association between CARD8 rs2043211 polymorphism and gout under the other comparison models ( Table 2) . Table 3 showed the results of genotype-phenotype analysis (Table 3) . There was obvious difference in the TG levels among those three genotypes (Table 3 ). There was also significant difference in the number of tophi and renal calculus between individuals carrying the TT, AT and AA genotype of rs2043211 (P=0.03). Patients carrying genotype TT of CARD8 rs2043211 polymorphism had higher TG levels compared to those carrying the AA genotype (2.77±2.08 mmol/L vs. 2.07±1.15 mmol/L, P = 0.01). Patients with the TT genotype also had significantly higher systolic blood pressure compared with those with the AA genotype (142.11±21.10 mmHg vs. 135.38±14.66 mmHg, P = 0.03). Patients carrying TT genotype also had an increased risk of renal calculus compared with those carrying the AA genotype (P = 0.03).
Discussion
As a kind of autoinflammatory disorder, gout is a common inflammatory arthritis characterized by the deposition of MSU crystals within the joints or soft tissues after chronic hyperuricaemia [9, 19] . Recent studies have suggested that MSU crystals might function as a danger signal released from injured cells and trigger an innate immune response in Table 2 . Associations between CARD8 rs2043211 polymorphism and gout Table 3 . Genotype-phenotype analysis in our study. (BMI, Body mass index; TG, Triglycerides; TC, Total cholesterol) a manner similar to microbial molecules, implying gouty arthritis as a paradigm of innate immunity [20, 21] . The NALP3 inflammasome, including CARD8 can control inflammatory caspase-1-mediated IL-1 release and is involved in MSU crystals-mediated gouty arthritis [22, 23] .
In the present study, we performed a case-control study to examine the possible genetic association between CARD8 rs2043211 polymorphism and gout in a Chinese Han population. We found that there was an obvious difference in the genotype distribution of CARD8 rs2043211 polymorphism between cases and controls (P = 0.017). In addition, there was an obvious association between CARD8 rs2043211 polymorphism and gout under the recessive comparison model (AA vs. TT/TA: OR = 0.65, 95%CI 0.47-0.88, P = 0.006). To the best of our knowledge, this is the first study to report the association between polymorphisms of CARD8 and gout. In the genotype-phenotype analysis, we found that patients carrying genotype TT showed higher TG levels compared to those carrying the genotype AA. TG levels showed a significantly different distribution among those three different genotypes. Hypertriglyceridemia is a risk factor of gout, and the genotype-phenotype analysis in our study indicates that CARD8 rs2043211 polymorphism is associated with TG levels, which further proves the association between CARD8 rs2043211 polymorphism and susceptibility to gout.
Inflammation has vital roles in many diseases including gout [1, 9, 24, 25] . The CARD8 protein is encoded by the 13 exons of the CARD8 gene on chromosome 19q13 [26, 27] . CARD-8 interacts physically with caspase-1 and negatively regulates caspase-1-dependent IL-1b expression and nuclear factor NF-κB activation [26, 27] . The CARD8 rs2043211 polymorphism introduces a premature stop codon, which results in the expression of a severely truncated protein. The variant CARD8 is unable to suppress NF-κB activity, which leads to high constitutive levels of pro-IL-1b [16, 26, 27 ]. In the current study, we found that the prevalence of the TT variant genotype was significantly higher in gout patients than in controls. Thus, there is a possibility that increased expression of CARD-8 due to higher promoter activity of the TT genotype may induce a predominantly inflammatory immune response leading to increased susceptibility to gout.
However, the present study had several limitations. Firstly, we only chose one single nuclide polymorphism of CARD8 and did not include enough number of polymorphic markers to cover the whole sequence of CARD8. So, the results of the present study should be interpreted with caution. Secondly, the sample size in our research was small, and all subjects were from Chinese Han population. Our findings need to be validated in other ethic populations and in more studies with larger sample size. Finally, the mechanism underling the association between CARD8 rs2043211 polymorphism and susceptibility to gout is still unclear. Further experimental studies are needed to explore the role of CARD8 rs2043211 polymorphism on gout risk.
In conclusion, CARD8 rs2043211 polymorphism is significantly associated with susceptibility to gout in Chinese Han males. In addition, our findings need to be validated in other ethic populations and in more studies with larger sample size.
